Abstract. The effect of fibre modification via vacuum resin impregnation on tensile properties of sugar palm fibre reinforced thermosetting composites was studied. The fibres were impregnated with unsaturated polyester, vinylester and epoxy at the pressure of 600mmHg (79.99kPa) for 30 mins. After curing time, it was observed that tensile strength of impregnated fibre was significantly increased with epoxy (EPX) was the best with 188.06 MPa. It was followed by unsaturated polyester (UP) and vinylester (VE) with 107.12 MPa and 158.31 MPa. However, tensile modulus for sugar palm fibre impregnated with EPX increased up to 21% compared to un-impregnated sugar palm fibre followed by UP (12.7%) and VE (8.4%). It was observed that different impregnation agents gave different values of strength of sugar palm fibre composites.
Introduction
Due to environment awareness and an increasing concern with the greenhouse effect these have sparked interesting automotive, marine and packaging industries to search for sustainable materials that can replace conventional synthetic fibers in composites polymer. The research on natural fibre composites is gaining popularity recently due to the advantages refered to natural fibres. Compare to inorganic reinforcing fibres, natural fibres have some advantages such bio-degradability, renewable, low density as well as their low cost since they are available in abundance and have high specific properties compared to synthetic fibres composites [1] [2] .
Sugar palm (Arenga pinnata) trees have been explored for making variety of by-products for many years. Commonly, it is found growing wild in primary and secondary forests in Southeast Asia. It can reach up to 12 meters high, has a thick, black hairy fibrous trunk and cover with dense leaves which are white on the underside. It is considered as one of the most versatile palm species because almost all parts of the tree can be used, with the palm sap being the most important product [3] . In Malaysia, activity of tapping palm is a familiar activity where the plam is used as the material for making traditional sugar blocks locally known as gula kabung or enau [4] [5] .
On the other hand, natural fibres have a number of disadvantages particularly concerning with their poor properties. For example, mechanical properties of natural fibre is well known for being inferior to synthetic fibres [6] [7] This is because the natural fibres are hygroscopic materials due to cell wall polymer of fibres containing hydroxyl group. This paper presents on the study of tensile properties for single-fibre of impregnated sugar palm (Arenga pinnata) bonded with thermosetting polymers (UP, VE and EPX). It aim to explore the effect of impregnation process on the tensile properties of sugar palm fibres by different thermosetting matrix.
Materials and Methods
Sugar palm fibres were obtained from Kampung Kuala Jempol, Negeri Sembilan, Malaysia. In this study, a 20 m height of matured sugar palm tree was selected during the flowering stage. Fibres at 3m to 4m height were selected in these study. The fibres were washed and dried for 24h at room temperature.
Unsaturated polyester (UP) type isophthalic, epoxy (EPX) and vinylester (VE) were used as impregnation agents in the fabrication of the impregnated fibre composite. Methyl ethyl ketone peroxide (MEKP) supplied by ZKK Sdn. Bhd (Kuala Lumpur,Malaysia) was used as catalyst with mixing ratio of matrix to catalyst 4: 1 for epoxy.
The Impregnation of fibre was done at the Forest Product Devision, Forest Research Institute Malaysia (FRIM), Kepong, Kuala Lumpur, Malaysia. They were submerged containers that were filled with impregnation agents; UP, VE and EPX. Then, the impregnation agents were placed inside a vacuum impregnation chamber at impregnation pressure of 600 mmHg(80kPa) for 30 minutes before the vacuum chamber was slowly released within 30 mins. After that, the impregnated fibres were taken out and excessive resin was then drained of for 5mins.
Prior to the tensile test, the selected fibres were carefully observed using optical microscope in order to confirm that there was no fibre damage on the fibres. For the tensile test, the fully cured fibre was cut into desired dimension according to JIS R7601 .It was attached and glued to the paper that formed with'U' shape which was designed with the gauge length of 10 mm. The tab shape was cut at mid-gauge length (cutting line) after being gripped in test machine before the fibre was being tested (see figure 1) . It was tested at room temperature of 23 °C with a relative humidity of 65%. The specimen was tested with a crosshead speed of 1 mm/min with replication of 30 specimens using universal testing machine model Instron 3366 with the load capacity of 5 kN. 
Results and Discussion

Tensile properties
The results in Figure 2 show the stress-strain curve of different impregnated fibres where each curve represents different behaviors of fibres: control specimen, VE-impregnated, UP-impregnated, and EPX-impregnated fibres. It is shown that the highest stress was observed in the fibre impregnated with EPX, followed by the fibres impregnated with UP and VE, while control group showed the lowest maximum stress. Based on Figure 2 , results show that the tensile strengths of VE-, UP-and EPX-impregnated fibres have significantly increased from 107.12 MPa to 158.31 MPa, 167.53 MPa and 188.06 MPa, respectively compared to the control specimen. The increase of tensile strength for all the impregnated fibres was due to the matrices were locked and enclosed in the fibre cell wall and lumen. Another reason for having higher values of tensile strength for the impregnated fibres (with matrix of UP, VE and EPX) compared to control specimen is due to the reduction of water molecule penetration into the fibre cells which is filled with matrices after the impregnation process.
According to Holbery and Houston, the primary thermoset resins used for natural fibre composites are UP, VE and EPX. They reported that the sequence of maximum range for the thermoset resins tensile strength started with VE (69 MPA-83 MPa) followed by UP (40 MPa-90 MPA) and EPX (35 MPa -100 MPa). The result shown in Figure 2 proved that the trend of impregnated sugar palm fibre tensile strength followed similar trend stated by Holbery and Houston. [8] As shown in Figure 2 , the elongation at break property was also improved as a results of the impregnation process for the sugar palm fiber using UP, EPX and VE matrix. Compared to unimpregnated sugar palm fibres, impregnated sugar palm fibre with VE produced the highest strain at break value of 34.98%, followed by EPX-impregnated fibre (16.98%) and UP-impregnated fibre (9.36%). It was also evident that impregnation process demonstrated significant change to the ductility of the sugar palm fibres depending on the type of impregnation agent or matrix used.
On the other hand, based on results shown in Figure 3 , improvement of tensile modulus after fibre impregnation with UP, VE and EPX was achieved. It is shown that the tensile modulus for sugar palm fibre impregnated with EPX has increased up to 21% compared to un-impregnated sugar palm fibre followed by UP (12.7%) and VE (8.4%). Therefore, it is noted that different types of matrices give different effects to the tensile modulus property of the impregnated sugar palm fibres. The improvement of the tensile modulus for impregnated sugar palm fibres are due to the fact that the impregnation process of the lignocellulosic material with a monomer solution allowed diffuse into the cell wall and subsequently improved the properties of the fibre due to bulking of cell wall by impregnation agent as suggested by Hill [9] . Figure 4 . It in observed from the SEM micrographs that there are many crates-like structures filled with matrix particles that were well distributed inside the sugar palm fibre surfaces after the the impregnation process. It shows that the impregnation agents successfully filled the macrofibril structures of the fibre and improved the mechanical interlocking between the fibre and the matrix for the composites. 
